A N ADEQUATE SUPPLY of oxygen is of vital importance for healing wounds since fibroblasts require oxygen for their energy production and collagen cannot be synthetized in the absence of molecular oxygen.7'16 In dead space wounds the rate of collagen accumulation has been shown to be, over a wide range, directly proportional to the amount of oxygen delivered to the wound.8'12 The ratio RNA/DNA of wound cells is known to increase during chronic hyperoxia.12 This suggests that fibroblasts can increase their synthetic apparatus if added oxygen is available.
DNA than normoxic or hyperoxic tissues. In hypoxia the accumulation of wound collagen was clearly retarded. Furthermore, tissue taken from wounds healing in hypoxic environments and tested ex vivo in air showed decreased capacity for glucose utilization, lactate production and oxygen consumption. ConcentrationsofAMP, ADP and ATP in repair tissue increased as healing progressed. The more oxygen available the higher the amounts ofADPand ATP. The AMP content was not affected by changes in local oxygen tension. These results support the earlier concept that the supply of oxygen in healing tissue may be rate-limiting. Reduction of available oxygen either by systemic hypoxia or by increased diffusion distance impedes healing.
A N ADEQUATE SUPPLY of oxygen is of vital importance for healing wounds since fibroblasts require oxygen for their energy production and collagen cannot be synthetized in the absence of molecular oxygen.7 '16 In dead space wounds the rate of collagen accumulation has been shown to be, over a wide range, directly proportional to the amount of oxygen delivered to the wound.8 '12 The ratio RNA/DNA of wound cells is known to increase during chronic hyperoxia.12 This suggests that fibroblasts can increase their synthetic apparatus if added oxygen is available.
Earlier work from this laboratory demonstrated that hyperoxia shifts the wound metabolism from anaerobic towards aerobic glycolysis and thereby activates the citric acid cycle. 21 This work has now been continued by testing the effects ofhypoxia and hyperoxia on the concentrations ofadenosine phosphates in an experimental wound model, the thin cellulose sponge implant. Wound Zero adjustment of the Q electrode was obtained with gaseous nitrogen and the calibration took place with aerated saline (Po. 150 mm Hg) using the capillary sampling technique. The CO2 electrode was also calibrated by the capillary sampling technique using saline solutions of two known CO2 tensions (26 and 63 mm Hg).
The measurements of tissue gas tensions were made under clean but not strictly sterile conditions. On the occasions that the same wound was tested more than once, the ends of the Silastic tube were reimplanted under the skin and the skin was reclosed between tests.
For the assay of DNA, collagen hydroxyproline and adenosine phosphates in repair tissue, the rats were sacrifled by a blow on the neck, the implants were dissected out and immersed immediately in liquid nitrogen. With this procedure the implants were frozen within one minute after the death of the animal. The implants were stored at ice-cold 0.5 M perchloric acid in an Ultra-Turrax TP 18/2 N homogenizer (Janke & Kunkel KG, Staufen, Germany). The homogenates were centrifuged at 15,000 G at 4 C for 30 min. Supernatants and sediments were separated and stored at -80 C for analyses.
The sediment was mixed with 10 ml of 0. Six days after implantation the amount ofwound DNA in ter precipitation the hypoxic group was approximately 30% lower than the values in normoxic and hyperoxic animals ( Fig. 3 ; P<0.001; t-test). On the days 10 and 15 these differences were no longer observed. neasurements in
The amounts of collagen hydroxyproline rose gradually t wound oxygen in all groups as healing progressed (Fig. 4) . The sharpest 55%o 02 and the rise took place between days 6 and 10. On the 15th day the )wever, ondays values in hypoxia remained significantly below the control .erencebetween level (P<0.05). In general, the amounts of adenosine phosphates increased gradually as healing progressed. The AMP concentration (Fig. 5) was not affected by changes in oxygen supply. On days 10 and 15 the highest wound ADP concentrations were observed in rats breathing 55% 02 and the lowest concentrations in rats breathing 11% 02 (Fig.   i55%o2 6) . However, the only statistically significant difference in ADP levels was on the day 15 , between normoxic and ATR hypoxic wounds (P<0.01). The results of ATP determina--AIR tions (Fig. 7) were comparable with the changes of ADP.
The highest wound ATP concentrations were observed in 55% 02 on day 10 (P<0.001 vs air group). In hypoxia the -------i 11% 02 ATPlevels remained clearly belowthe controls (P<0.01 for 15-day wounds).
The highest capacity for glucose consumption by the repair tissue was observed on the 10th day in all groups (Table 1) . At this phase animals kept in hypoxia showed significantly retarded capacity for utilization of glucose 15 (Fig. 3) . Hypoxia appeared to inhibit cellular proliferation. Between days 6and 0the proliferative phase subsided and the amount of collagen increased sharply.
The amounts of collagen hydroxyproline showed very little variation between the different groups (Fig. 4) (Fig. 8) ; to achieve optimal healing the supply of oxygen must be markedly increased.
Cellular respiration is controlled by substrate level, oxygen supply, ADP concentration and by the capacity of respiratory chain.5 If oxygen is lacking the energy metabolism uses more substrates, the supply ofwhich may become rate-limiting. Oxygen economizes substrate use and, if the supply of oxygen is sufficient, the control of respiratory rate is shifted to ADP or the respiratory chain. The present data suggest that the effect of oxygen on wound energy metabolism is not limited to saving of substrates since the amounts of ADP increased with increasing oxygen tension (Fig. 6) . Succinate dehydrogenase of healing wounds is elevated in hyperoxia denoting an increased capacity of electron transfer chain.2'
The concentrations of ATP in repair tissue also responded to changes of local oxygen tension (Fig. 7) . Since hyperoxia abolished several limiting factors in energy production the high concentration of ATP in hyperoxic wounds is not due to reduced consumption of chemical energy but corresponds to a new level at which both energy production and use are elevated. Presumably the effects of hypoxia are the converse.
The experiments on the capacity for glucose and oxygen consumption and lactate production were carried out in vitro with air as the oxygen source. Thus the Pa of the medium was 150 mm Hg, and therefore, the wound tissues, accustomed to artificial atmospheres, were now being tested at an oxygen tension far higher than they had ever experienced before. Although the diameter of the tissue slices was less than 0.4 mm, these slices are large enough to necessitate large oxygen gradients even in tissue incubated in air. Therefore, there has to be some reservation about the quantitative changes measured by this method. It is possible that the various oxygen environments had produced sufficient changes in the tissue to influence the results in a manner that cannot be predicted.
In general the capacity for glucose utilization, lactate production and oxygen consumption was decreased in tissues taken from hypoxic animals ( 
